For ectotherms, lifespan is increased at low temperature and decreased at high temperature. A new study in Caenorhabditis elegans shows that thermosensory neurons can counteract the effects of high temperature on lifespan by controlling the activity of a steroid signaling pathway.
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Many fear aging. Qin Shi Huang, Emperor of the ancient Chinese Qin dynasty, desperately sought magical anti-aging substances all over the world. Cleopatra VII, Queen and the last pharaoh of ancient Egypt, was believed to try everything to maintain eternal beauty. Nevertheless, we are all destined to age, and whether or not we are aware of it, our life is indeed under the control of our lifespan. Different animals have different lifespans. Galapagos giant tortoises live for a long time -as long as 200 years -whereas mice live only for around three years. Why do animals age? And how do the differences in lifespan arise? Scientists have been attempting to answer these questions for years.
A variety of innate and environmental factors are known to affect the lifespan of animals [1] . Much attention has focused on the soil nematode Caenorhabditis elegans as a model organism for the study of aging [2] [3] [4] . Many ectotherms, including C. elegans, have a shorter lifespan at high temperature than at low temperature [5] . The general understanding until now was that high temperature simply changes metabolic rates, thereby shortening lifespan. However, a new study by Lee and Kenyon [6] , published in this issue of Current Biology, elegantly shows that the sensation of high temperature by thermosensory neurons regulates lifespan in C. elegans.
Previous studies by the Kenyon group showed that gustatory and olfactory neurons regulate lifespan [7, 8] . In the present work, Lee and Kenyon [6] addressed the significance of thermosensory neurons on aging. AFD neurons are the major thermosensory neurons in C. elegans known to regulate thermotaxis, a behavior that is likely to be important for remaining around nutrient-rich areas in the soil [9, 10] . Inactivation of AFD neurons either by a laser microbeam or by mutation of a gene required for the development of these neurons led to a significant reduction in lifespan when the animals were cultivated at 25 C, but did not affect lifespan at 15 C, suggesting that thermosensory signaling in AFD neurons has a critical effect on lifespan at high temperature but not at low temperature. Hence, AFD neurons probably prevent worms from otherwise having a much shorter lifespan at high temperature (25 C).
Since lifespan is perhaps tightly coupled to the physiological condition of the animal, the implication of this work is that AFD thermosensory neurons are important for the thermal regulation of the animal's homeostasis, in addition to their role in a temperature-regulated behavior. How, at the molecular level, does the environmental temperature sensed by AFD neurons affect lifespan? Previous reports showed that many pathways that influence lifespan in C. elegans require the lifespan-extending transcriptional factor DAF-16/FOXO [11, 12] . Furthermore, the extended lifespan of chemosensory-defective mutants compared with wild-type animals is also dependent on DAF-16/FOXO [7, 8] . Lee Figure 1 . Model for regulation of lifespan by thermosensory neurons as proposed by Lee and Kenyon [6] .
(A) The high temperature sensed by AFD neurons promotes the transcription of the daf-9 gene, which in turn produces high levels of steroid hormone. These steroids block the activity of the DAF-12 nuclear hormone receptor, thereby contributing to the anti-aging effects at high temperature. (B) If AFD neurons are inactivated, the expression of the daf-9 gene and the levels of steroid hormones become low, which induces the activation of DAF-12. As a result, the anti-aging effect at high temperature is lost.
[6] now find that lifespan regulation by thermosensory neurons is independent of DAF-16/FOXO and instead is dependent on the activity of a steroid signaling pathway. The daf-9 gene encodes a cytochrome P450 enzyme that synthesizes steroid ligands that bind to and inhibit the nuclear hormone receptor DAF-12 [13] [14] [15] [16] [17] [18] [19] . In wild-type animals cultivated at 25 C, daf-9 transcription was upregulated by AFD thermosensory neurons and this in turn prevented the reduction in lifespan at high temperature by increasing the level of steroid ligands that inhibit DAF-12 ( Figure 1) .
So, is the regulation of lifespan by thermosensory neurons evolutionarily conserved? High temperature also seems to reduce lifespan in mice. Groups of neurons in the hypothalamus sense the surrounding temperature, thereby regulating the body temperature to keep it constant. Thus, when the temperature rises in the hypothalamus, the body temperature consequently decreases. Similar to the situation in C. elegans reported by Lee and Kenyon [6] , the transgenic mice with higher hypothalamic temperature and lower body temperature exhibited increased lifespan [20] . Surprisingly, temperature changes in the mouse hypothalamus of as little as 0. 5 C result in a 12% increase in lifespan in males and 20% in females. These results suggest that the detection of temperature changes within 1 C can affect the homeostasis of animals to the extent that they can live significantly longer. Because temperature is an unavoidable environmental cue to any animal, the sensation of temperature with high resolution may be crucial for both ectotherms and homeotherms.
According to Lee and Kenyon [6] , the hormonal control of body temperature by thermosensory neurons should be an important question to address in further studies on aging. This new work has taught us that thermosensory neurons are much more important than we previously thought.
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In the majority of bird species and in a few mammals, including humans, social monogamy with biparental care goes hand in hand with copulations outside the pair bond, leading to broods or litters with mixed paternity. Over the past 20 years, researchers have attempted to explain why females engage in promiscuous behaviour. This is particularly puzzling because -in contrast to males -females cannot increase the number of produced offspring by copulating with multiple mates. A group of hypotheses, summarized under the term 'indirect, genetic benefits', suggests that females can increase the quality of their offspring by having their eggs fertilised by males of high genetic quality or compatibility (reviewed in [1, 2] ). However, whether females can obtain genetic benefits from their (extra-pair) mate choice remains one of the most controversial issues in behavioural ecology [1] [2] [3] [4] [5] [6] . So far, the most important evidence for this hypothesis comes from studies on birds using mixed paternity broods. Broods of maternal half-siblings offer an excellent
